Vinyliodide reacts chemoselectively under Heck-Mizoroki conditions with terminal alkenes, including vinylboronate esters, to give dienes. The resulting dienylboronates undergo Suzuki-Miyaura coupling with aryl, heteroaryl and alkenyl halides to access dienes and trienes. 10 Polyenes occur widely in natural products, many with medicinal properties.
1 Whilst there are strategies by which polyenes can be synthesised, 2 new robust and reliable protocols, which deliver both high yields and stereocontrol are still required. Terminal, unsubstituted polyenes have been accessed by hydrazone 15 formation, elimination and metal-mediated couplings, 3 however, such methods are limited by substrate scope and stereoselectivity. More recently, we applied an iterative cross-coupling (ICC) approach using vinylboronate esters as dianion equivalents through a Heck-Mizoroki (HM) The combination of silver(I) acetate and tri-ortho-tolylphosphine (as optimised for previous vinylboronate-electron deficient iodoalkene reactions, as in Scheme 1 6 ) gave the best conversion for Eq. 1. The catalyst loading was further tuned, with the finding 65 that 5 mol% catalyst and shorter reaction times gave better conversions and yields (Table 1 , entry 1, i.e. a 100% conversion of vinylboronate 2 resulted in a 73% yield of dienylboronate 6a). Similarly, the vinylboronate pinacol ester (Table 1 , entry 2) also showed good reactivity towards coupling with vinyliodide, with a 70 conversion of 91% and an isolated yield of dienylboronate 6b of 72%. [Note: attempts to purify these products can cause polymerisation, and hence, ca. 3 ppm of 2,6-di-tert-butyl-4-methyl phenol (BHT) was employed in eluents. Also, prolonged air exposure of dienes 6a and b resulted in polymerisation, hence, storage under Ar at approx. Scheme 1, for example) . 4,10 However, dienylboronate 6a showed no reactivity towards further Heck-Mizoroki coupling when tested against a number of aryl and alkenyl halides, including vinyl iodide. It was, however, successfully applied in SuzukiMiyaura couplings, where it reacted with a range of aryl and 30 alkenyl halides, including both electron-rich and electrondeficient aryl halides, heteroaryl halides and a vinyl halide (see Table 2 ). Despite the high reactivity of the dienylboronate 6a (shown by high GC and 1 H NMR conversions), there were issues with the isolation of the products 8, again, due to product 35 stability. Indeed, the resulting terminally unsubstituted butadienyl analogues 8 were extremely sensitive towards polymerisation, and even more so than the starting dienylboronate 6a. In some cases, this resulted in lower product isolated yields (after silica gel chromatography) than suggested from crude 1 H NMR and GC 40 analysis [Approx. 3 ppm BHT was added to all solvents to minimise polymerisation (see ESI) which improved isolation]. 11 and other chromatographic supports did not lead to improved isolated yields. Despite this, the ability of dienylboronate 6a to undergo coupling was demonstrated on both electron-donating and electron-withdrawing aryl iodides (Table 2, (Table 2 , entries 1 and 2), there was a drop in reactivity of the bromide compared to the iodide. However, this was not observed for the tolyl derivatives (Table 2 , entries 5 and 6), where the reactivity was comparable and these derivatives showed no appreciable difference in the reactivity of the o-versus 55 p-aryl halides (Table 2 , entries 6 and 7), though the anisole derivatives did show a significant drop in reactivity (Table 2 , entries 1 and 3). Heterocyclic compounds were also coupled (Table 2, entries 11 and 12), with 3-iodopyridine giving an isolated yield of 88%. Iodoacrylate 7m coupled, but gave 60 undesired side-reactions (Table 2, entry 13), however, previous work also reported competitive HI elimination, and that this could be avoided through the use of silver-salt bases.
10c Hence, the coupling between iodoacrylate 7m and diene 6a was attempted using both potassium tert-butoxide and silver(I) oxide. The difference between the two bases being apparent by 1 H NMR of the two reaction mixtures; tert-butoxide resulted in no triene, whereas silver(I) oxide gave 58% crude yield. In order to 5 circumvent stability issues of diene 6a, the corresponding trifluoroborate salt 9 was prepared 12 in quantitative yield (Eq. 4), resulting in an air stable, crystalline salt which may prove useful for Suzuki-Miyaura coupling. 13 In addition, a one-pot formation of 6a, followed by in situ nitroso-Diels-Alder trapping (followed 10 by spontaneous rearrangement and elimination) 14 provided Nphenyl pyrrole 10 (Eq. 5) in 48 % overall yield.
Conclusions
Vinyliodide can be employed in Heck-Mizoroki couplings to derive dienes. Vinylboronates are especially effectively giving 15 dienylboronate 6a which can be applied for the synthesis of terminally unsubstituted dienes and trienes. Hence, this type of ICC strategy provides an alternative to those currently used and delivers dienes and trienes in an efficient, stereoselective, atom economic manner. The facile formation of boronates 6a/b from 20 (Table 1) using only 1 equivalent of alkene coupling partner contrasts with most alkenes which required 2 equivalents of alkene, yet still delivered variable conversions (despite many being considered good coupling partners). This clearly has mechanistic implications which are not clear at this point. 25 However, we speculate that under the ambient Heck-Mizoroki coupling conditions necessary, the boronate group may coordinate (e.g. to an acetoxy ligand on palladium), resulting in kinetic assistance for the HM reaction. Previous kinetic studies 7d on vinylboronate coupling did show that the rate determining step 30 in such reactions was not oxidative addition, rather being either ligand exchange (e.g. acetate for iodide) or carbometallation. If acetate were involved as a palladium ligand, such chelational assistance could intervene in these boronate systems, but would be absent in all the others examined, except potentially the vinyl 35 siloxanes. Interestingly, the corresponding MIDA-vinylboronate 6f was unreactive under the coupling conditions, potentially supporting this hypothesis and the need for an empty sp 2 -hybridised orbital on boron. Further studies are underway.
